Purpose Despite the effectiveness of chemoprevention (tamoxifen and raloxifene) in preventing breast cancer among women at high risk for the disease, uptake is low. The objective of this study was to determine the tradeoff preferences for various attributes associated with chemoprevention among women not currently taking the drugs. Methods We used rating-based conjoint analysis to evaluate the relative importance of a number of attributes associated with chemoprevention, including risk of side effects, drug effectiveness, time needed to take the drugs, and availability of a blood test to see if the drugs were working in an Internet sample of women. We generated mean importance values and part-worth utilities for all attribute levels associated with taking chemoprevention. We then used multivariable linear regression to examine attribute importance scores controlling for participant age, race, Hispanic ethnicity, educational level, and a family history of breast cancer.
Introduction
Breast cancer is the second leading cause of cancer-related death among women in the US, with over 230,000 new cases and nearly 40,000 deaths predicted in 2015 [1] . Early & Kathryn A. Martinez katiemartinez@gmail.com detection of breast lesions via screening mammography is currently the most widely used approach to reduce breast cancer-associated mortality. The use of chemoprevention (i.e. tamoxifen and raloxifene) to prevent the development of breast cancer among women at high risk (5-year risk of a cancer diagnosis C1.66 %) [2] has received comparatively less public attention. Clinical practice guidelines in oncology support the use of these drugs for the prevention of breast cancer among women at high risk [3, 4] . While it is estimated that more than 2 million women in the US could benefit from chemoprevention [2] , uptake is extremely low [5] [6] [7] [8] [9] [10] . A recent study found that less than 1 % of women who would potentially benefit from chemoprevention reported taking these drugs [9] . This low uptake of chemoprevention among women at high risk is concerning as research indicates that use of chemoprevention can reduce a woman's risk of breast cancer by up to 50 % [11, 12] . A secondary benefit is a small but significant decreased risk of bone fractures [13] . However, as with all pharmacologic agents, use of chemoprevention carries the potential for side effects, including an elevated, albeit low, risk of developing endometrial cancer and/or blood clots, and an increased chance of experiencing hormonal symptoms, such as hot flashes or night sweats [11, 12] . Despite these possible side effects among most women at high risk of breast cancer, the risks associated with chemoprevention are much lower than the potential for benefit [14] . Perception of personal susceptibility to breast cancer has been found to be related to the use of chemoprevention [15] [16] [17] , however women have also reported a number of barriers to the use of these drugs, including concerns about side effects, not wanting to take a pill every day, and worry that the benefits are not worth the risks [8, 18, 19] . Furthermore, to be most effective, chemoprevention needs to be taken daily for at least 5 years, which may be burdensome. Additionally, research in other areas has demonstrated that lack of an apparent therapeutic response and thus a perceived lack of drug efficacy by patients is associated with early discontinuation of medications [20, 21] .
Thus, the decision to take chemoprevention is complex, requiring women to evaluate a number of tradeoffs, primarily between the potential for benefit and perceived barriers to use [22] . Some prior research has explored women's preferences for chemoprevention after being identified as high risk for breast cancer [16] ; however, most women are informed that they are at high risk for breast cancer and offered chemoprevention within the same short clinical encounter [23] . Following widespread recent media coverage of Angelina Jolie's disclosure of her elevated breast cancer risk, interest in risk reduction strategies among average-risk women has increased, including interest in being screened for high-risk status [24] . Given that individuals often maintain strong preferences for or against certain treatments, even in the absence of a diagnosis [25] , understanding how women feel about chemoprevention prior to being identified as high risk is critical; however, little is currently known about how average-risk women value the risks and benefits associated with potentially initiating chemoprevention.
We therefore sought to quantify the relative tradeoff preferences for risks and benefits associated with chemoprevention among women at average risk for breast cancer. Results from this study are intended to inform strategies aimed at improving uptake of chemoprevention among women who are likely to benefit.
Methods
We used established methods originating in mathematical psychology and later used in marketing research for assessing preferences for products or decisions, specifically conjoint analysis [26] . Several types of conjoint analysis exist; these methods differ in what is presented to the participant and in their underlying modeling [27] . However, all are approaches to preference elicitation that require individuals to make tradeoffs between various attributes of a product or decision [28] . Conjoint analysis is increasingly being used in healthcare to better understand preferences for healthcare interventions as well as health states [29] .
Largely, this methodology is based on three concepts: (i) each choice is a bundle of attributes, i.e. characteristics or features of the treatment; (ii) each attribute consists of a set of levels (different grades of risk and/or benefit of each attribute); and (iii) configurations can be developed via different combinations of attribute levels [28] . We chose to use rating-based conjoint analysis for this study.
Rating-Based Conjoint Analysis
In rating-based conjoint analysis, the configurations of attributes and their corresponding levels are shown to participants in the form of a single hypothetical scenario (i.e. different combinations of levels of each attribute) per page or task. Participants are asked to rate each scenario on its own, based on how appealing the shown combination of attributes and levels is to them. Through a mathematically determined number of these exercises, it is then possible to attach statistical valuations to the contribution of each attribute to participant tradeoffs between preferences for different scenarios. While rating-based conjoint analysis is not as widely used in health as other approaches, such as discrete choice exercises, prior health-related studies have used this approach to examine women's tradeoff preferences for pregnancy prevention [30] and fertility care [31] .
Rating-based conjoint analysis has strengths that were particularly suited to our study. Specifically, participants view just one scenario at a time. This has the advantage of making the exercise conceptually easier to follow and allows for testing of a greater number of attributes per page or screen, while minimizing respondent burden. Ratingbased conjoint analysis is often recommended with the number of attributes and levels in our study design [32] .
Attributes and Levels
Attributes and associated levels were generated by the study team, guided by two main factors: (i) randomized controlled trial data reporting on the likelihood of possible risk and benefits associated with taking chemoprevention; and (ii) prior literature on barriers and facilitators to taking preventive medication, generally and chemoprevention, specifically [8, [33] [34] [35] . The principal investigator for this study (Dr. Fagerlin) has conducted extensive prior research regarding women's preferences for chemoprevention [8, 33, 36] . The conduct of this prior research was informed by a rich patient-centered evidence base, including qualitative interviews, focus groups, and pilot testing of patient surveys among women at average and high risk for breast cancer. Selection of attributes and levels for the current study was based on this formative work.
Consistent with best practices, levels of risk and benefit for each attribute were presented as absolute risks or frequencies, rather than relative risks. Research has demonstrated that absolute risks, either through percentages (out of 100 %) or numerical (e.g. 3/100) are the most accurately understood by the broadest range of potential study participants [37] [38] [39] . Attributes and associated levels are listed in Table 1 and are described briefly below.
The first attribute was designed to assess the impact of one's estimated 5-year risk of developing breast cancer. The levels of possible 5-year risk of breast cancer were intended to equate actual risks in the average risk population and in higher risk groups: (i) 6 %, (ii) 10 %, and (iii) 20 % 5-year risk, and coded in the analysis as a three-level categorical variable. This attribute was included because research suggests that individuals are more inclined to take preventive medications or engage in preventive behavior when they perceive their own personal risk of the disease to be high [40] .
We included an attribute to assess the impact of the secondary benefit of chemoprevention, reduction in risk of bone fractures, with dichotomous levels of (i) no change in risk versus (ii) an absolute risk reduction of 1/100.
The remaining attributes consisted of established side effects associated with taking chemoprevention, including risks that were low in prevalence but high in severity, as well as common but not severe risks. These were (i) risk of developing blood clots (levels: no additional risk vs. risk of 3/100); (ii) risk of endometrial cancer (levels: no additional risk vs. risk of 2/100); and (iii) risk of hormone symptoms such as hot flashes and night sweats, among many others (levels: no additional risk vs. risk of 10/100). Risk numbers were reflective of the likelihood of risks, as reported in trial data [11, 12] . Levels for these attributes were coded dichotomously.
Another attribute of interest was the length of time a woman would need to take chemoprevention in order for it to be optimally effective in reducing the risk of breast cancer. Studies have shown individuals are more interested in taking medication when the burden of adherence is lowest [40] [41] [42] ; however, studies of chemoprevention effectiveness indicate the pills need to be taken daily for at least 5 years to be fully effective. Thus, we created another attribute, 'time needed to take the pill for it to work', with levels (i) 1 year, (ii) 5 years, and (iii) until age 70 years, coded for analysis as a three-level categorical variable.
Finally, because of established low rates of uptake of chemoprevention, we were interested in evaluating the impact of two potentially novel attributes. The first was designed to evaluate the impact of a higher perceived benefit of breast cancer risk reduction than is currently attainable with existing drugs. We thus generated two levels for the risk reduction attribute: (i) a 50 % reduction (similar to what can be obtained from taking chemoprevention in women at high risk); and (ii) a 90 % risk reduction (a large reduction in risk that is not currently attainable).
The second novel attribute was designed to assess the impact of the availability of a blood test that would inform women whether the drugs were working to reduce their cancer risk (such as is the case with a blood test following initiation of statin therapy). Thus, we developed an attribute which we called 'Is there a blood test to tell if the pill is working?' with associated levels of (i) yes, and (ii) no. Both this attribute and 'reduction in risk of breast cancer' (above) were analytically coded as dichotomous variables.
Conjoint Analysis Design-Construction of Tasks
We conducted a traditional full-profile rating-based conjoint analysis study [27] . In this computer-based exercise, participants were presented with several hypothetical scenarios, including varying levels of each attribute associated with taking chemoprevention. Participants viewed and rated each of the hypothetical scenarios one at a time, while viewing the full set of attributes (and selected levels) [32, 43, 44] . An example of an individual page from the ratingbased conjoint exercise is presented in Fig. 1 .
Additional Measures
Certain sociodemographic characteristics have been shown to be associated with women's stated willingness to take chemoprevention [45] . As a result, we included participant age, race, Hispanic ethnicity and educational attainment as control measures. We categorized age as '40-54 years' and '55-64 years', race as 'white', 'black' or 'other', and Hispanic ethnicity as 'yes' or 'no'. We categorized educational attainment as 'high-school diploma or less', 'some college', and '4-year college graduate or more'. Prior research has shown a personal family history of breast cancer to be associated with increased use of some preventive behaviors [46] . As a component of the online survey, participants were asked the number of first-degree relatives in their family who had previously been diagnosed with breast cancer. This participant-reported measure was also used to control for participant baseline personal risk of breast cancer (as having a family history increases one's risk) in the multivariable models. This was categorized as 'none', 'one', or 'two or more'.
Experimental Design
SAS Market Expo Macro (SAS Institute Inc., Cary, NC, USA) was used to guide our development of the experimental design. It was determined that 36 scenarios would be the minimal number needed to achieve an efficient, orthogonal (lack of correlation between any two attribute levels) and balanced (equal distribution of each attribute and level in the presented scenarios) design [47] . To reduce respondent burden, a random block design was used to divide the survey into two versions with 18 scenarios each. An additional 19th 'dominant' scenario was included in both versions of the survey. This scenario included all the Fig. 1 Example of rating-based exercise for preferences for chemoprevention presumed 'best' levels associated with each attribute. These levels included largest breast cancer risk reduction, having a test available to tell if the drug was working, taking the pill for the shortest time, having the highest 5-year risk to begin with (as this is the case where taking preventive measures would make most sense), achieving fewer bone fractures, and having no additional risk associated with any of the side effects. We expected participant ratings of the dominant scenario would be higher than ratings for any other scenario.
Sample
Participants were drawn from a panel of female Internet users through Survey Sampling International (SSI). Emails describing the study and providing a link for participation were sent to a stratified random sample of female panel members with the goal of approximating the US Census on race as well as an age range appropriate for taking chemoprevention (40-64 years) . To ensure at least moderate demographic diversity (but not representativeness) and offset large, expected variations in response rates (especially for black and Hispanic participants), we established target response levels roughly matching the prevalence of these racial/ethnic groups in the US population. The number of email invitations in each demographic subsample was dynamically adjusted until approximately 12 % of completed surveys came from the black and Hispanic subgroups.
Participants were deemed ineligible if they reported having previously been personally diagnosed with breast cancer or if they reported ever having taken tamoxifen or raloxifene. Eligible individuals were excluded from analysis if their survey completion time was so short (under 200s) that they were unlikely to have seriously considered the survey questions, if they gave the exact same rating on the 0-9 response scale for all 19 scenarios in the survey, or if they did not rate one or more of the 19 scenarios.
Survey Administration
In the online survey, participants first viewed an introductory page, which oriented them to the exercise. Participants then completed a number of survey questions related to sociodemographic and health information, including prior use of chemoprevention, prior diagnosis of breast cancer, and a family history of breast cancer. Participants were then introduced to the study tasks with language that asked them to imagine they had to consider taking a pill that could prevent breast cancer but had risks associated with it.
Prior to entering the rating exercise, participants were presented with a page that included short and plainlanguage definitions of each of the included attributes and corresponding levels. These definitions were also available to participants on every page of the computer-based conjoint exercise. In the screens that followed, participants were presented with 19 (18 randomized, 1 dominant) different hypothetical scenarios related to taking chemoprevention (one per page), including different combinations of levels of each attribute. While presented with each individual scenario, participants were asked 'how likely are you to choose this option for preventing breast cancer?' with a 10-point response scale, ranging from 0 ('not at all likely') to 9 ('extremely likely'). Anchors only appeared at the ends of each scale.
Analysis
The statistical approach for this study was based on a maineffect fractional factorial design [48] . We first generated descriptive statistics for the analytic sample using Stata Statistical Software, version 13 (StataCorp LP, College Station, TX, USA). We compared individuals in the analytic sample with those excluded (for the reasons outlined above) on sociodemographic information and a family history of breast cancer using the Chi-squared test. In order to determine participants' overall willingness to take chemoprevention under the 'best case', we calculated the mean interest in taking chemoprevention for the dominant scenario on the 0-9 scale. Using the SAS Market Expo Macro, we then generated unadjusted mean attribute importance values (and standard deviations) for the analytic sample. Importance values reflect the relative contribution of each attribute in driving respondents' tradeoff preferences between scenarios [49] .
We then calculated part-worth utilities for each attribute. Part-worth utilities reflect the ranking of levels within each attribute and were calculated to sum to zero. The most positive value represents the most preferred level, and the most negative value represents the least preferred level of each attribute. Attributes with the largest range of partworth utilities are generally considered to be the most important in driving tradeoff preferences [49] .
In order to examine adjusted mean importance values, we then ran separate multivariable linear regression models for each attribute, controlling for participant age, race, Hispanic ethnicity, educational level, and a family history of breast cancer. Participant-reported family history of breast cancer was used to control for individual baseline risk of breast cancer, and participant age was used to control for baseline risk of hormone symptoms. Because we were also interested in understanding whether valuation of the attributes varied by family history of breast cancer, we specifically examined whether coefficients for this variable were statistically significant in adjusted models. This study was not theory-driven, but rather empirical in nature, thus no utility function was specified for the model.
As previously noted, a dominant (best-case) scenario was included in the experimental design. As a final step in our study, we conducted a sensitivity analysis comparing adjusted mean attribute importance values between participants who rated the dominant scenario highest versus participants who did not. We did this by including a dummy variable representing whether the participant rated the dominant scenario highest (vs. not) in multivariable regression models of attribute importance values, controlling for other covariates. Using the Chi-squared test, we also explored whether rating the dominant scenario highest was associated with a family history of breast cancer. All presented tables include the full analytic sample of respondents, not just those who rated the dominant scenario highest.
As anonymous survey research, this study was deemed exempt by the Institutional Review Board of the University of Michigan.
Results

Description of the Sample
Of the 1562 individuals who answered the survey, 70 % (1094) were included in the overall sample. The mean age of sample respondents was 54 years (range 40-64 years), and 79 % were white. One-quarter of the sample (26 %) reported having completed a 4-year college degree or higher. The majority of participants (79 %) had no firstdegree family history of breast cancer; 13 % had one firstdegree relative with breast cancer, and 8 % had two or more. Relative to those who were excluded, included respondents were younger (p = 0.037) had lower levels of education (p \ 0.001), and a larger proportion were Hispanic (p = 0.014). The full description of the sample is presented in Table 2 .
Overall Interest in Taking Chemoprevention
Overall interest in taking chemoprevention was low based on responses to the full exercise. The mean unadjusted score for the dominant scenario on the 0-9 scale was 6.0 (standard deviation 2.8) (see Table 3 ).
Part-Worth Utilities
Part-worth utilities showed that participants preferred to have the lowest 5-year risk of breast cancer, only having to take chemoprevention for 1 year versus longer, achieving a higher versus lower risk reduction of breast cancer, having no additional risk of blood clots, hormone symptoms or endometrial cancer, having a small reduction in the risk of bone fractures versus none, and the availability of a test to determine if the drugs were working. Full part-worth utilities are presented in Table 4 .
Adjusted Mean Importance Values
Results from multivariable linear regression models showed that the amount of time needed to take the pill and 5-year risk of breast cancer were the most important attributes driving preferences for different chemoprevention scenarios (mean 16.8, standard error [SE] 0.66; and mean 16.8, SE 0.61, respectively), after controlling for age, race, Hispanic ethnicity, education, and a family history of breast cancer. In contrast, reduction in fractures (mean 9.6, SE 0.46) and availability of a blood test to see whether the pills were working (mean 10.3, SE 0.55), had the lowest importance values. Table 5 shows adjusted mean attribute importance scores. A family history of breast cancer was only significantly associated with one attribute in the adjusted models: having one family member with breast cancer was associated with a small but significantly higher valuation of there being a blood test to tell if the chemoprevention was working compared with respondents with no family history.
Sensitivity Analysis
The dominant scenario scored higher than any other scenario, and approximately half (51 %) of participants rated the dominant scenario highest of all the scenarios. Compared with respondents who rated the dominant scenario highest, those who did not rate the dominant scenario highest put higher relative valuation on the 5-year risk of breast cancer (p \ 0.001) and reduction in the risk of bone fractures (p = 0.014), and lower relative valuation on the risk of blood clots (p \ 0.001) and the risk of endometrial cancer (p \ 0.001).
A family history of breast cancer was associated with ratings of the dominant scenario. Respondents with two or more family members with a history of breast cancer were significantly less likely to pick the dominant scenario compared with those with no family history (p \ 0.010) [data not shown].
Discussion
Our results documented low overall interest in taking chemoprevention among study participants, even when women could potentially experience the most benefit and fewest risks, as was the case with the dominant scenario. This finding is consistent with prior research showing that despite understanding the benefits associated with uptake of chemoprevention, interest in taking the drugs is low [6, 8] .
Prior studies examining women's interest in taking chemoprevention have approached this question using survey or interview-based methods [6, 7, 19, 45] . Results of these studies have provided valuable information about women's preferences and feelings regarding the risks and benefits of chemoprevention. Specifically, worry about side effects is generally associated with lower levels of interest in chemoprevention [18, 19] , and perceived personal susceptibility is associated with greater interest in taking the drugs [15] [16] [17] .
The use of rating-based conjoint analysis in our study allowed us to examine this topic somewhat differently. Our results reflect women's tradeoff preferences between the different risks and benefits associated with chemoprevention, which may reflect more 'real-world' decision making. Results from our conjoint exercise revealed that the amount of time needed to take chemoprevention and women's 5-year risk of breast cancer were the most important attributes driving women's tradeoff preferences. Concern about side effects contributed to women's tradeoff preferences for chemoprevention, but were only moderate drivers of preferences for individual scenarios. The secondary benefit of chemoprevention-the reduction in risk of bone fractures-was the least important attribute driving women's tradeoff preferences. Our study was the first to use a conjoint-style methodology to better understand women's tradeoff preferences related to chemoprevention decision making in the context of primary prevention. In contrast, Wouters and colleagues used adaptive conjoint analysis to understand women's preferences for chemoprevention as adjuvant therapy to prevent recurrence following a breast cancer diagnosis. They found that efficacy was most important to women when choosing whether to take chemoprevention, followed by side effects and risks of endometrial cancer [50] . Taken together, our results and those of Wouters et al. suggest that women may value the relative aspects of chemoprevention differently, depending on whether the drugs are intended to be used for prevention of primary breast cancer or in reducing the risk of recurrence.
The overall low interest in chemoprevention among women in our study is consistent with findings from research in the domain of cardiovascular prevention. A recent study of US adults found extremely low willingness to take a daily pill for cardiovascular risk prevention, even in cases where the participant would derive the highest level of benefit [25] . As previously noted, prior research has shown that many people find taking a daily pill to be burdensome, particularly if the benefits are not readily apparent, as is almost always the case in taking pills for preventive purposes. Further research is needed to determine whether factors other than risk and benefit may play important roles in determining individual interest in taking pills to prevent the onset of disease.
Limitations and Strengths
This study should be interpreted in the context of some limitations. In contrast to many other health-related studies employing conjoint-type methodologies, we used a ratingbased approach. A major limitation to using rating-based conjoint analysis is that participants may have difficulty placing meaningful numerical ratings on different scenarios. This perhaps explains why a fairly large percentage of participants failed to rate the dominant scenario highest. Other approaches, in particular best-worst scaling [51] , would likely prove more informative in understanding women's preferences for chemoprevention.
An additional limitation of our study was the inclusion of an artificially high (and not currently achievable) level of 90 % reduction in risk of breast cancer associated with taking chemoprevention. Our use of an inflated level could have biased participant responses, thereby increasing the importance of the attribute in tradeoff preferences between scenarios. Because of this currently unachievable level, we were unable to test interaction effects between 'reduction in risk of breast cancer' and other attributes as interaction estimates may have been biased. Additionally, because of the large difference between 50 % and 90 %, we were unable to determine if there was an intermediate level of risk reduction at which women's tradeoff preferences for chemoprevention would change. Our study was further limited by the inclusion of the level 'until age 70 years' for the attribute of 'time needed to take pill for it to work'. Unlike the other two levels for this attribute, 'until age 70 years' represented a wide variation in amount of time, dependent on how old the participant was when they completed the conjoint exercise; however, we attempted to account for this through adjusting for participant age in multivariable models. Our use of an SAS Macro to generate the attribute importance scores further limits our paper as we were unable to fully describe the computational details of the attribute importance values. Additionally, likely in part because this was not a theory-grounded study, adjusted models did not fit the data well. Because only two levels were used for most quantitative attributes, we were also unable to test for linearity of effects.
Our use of a sample of women at average risk for breast cancer rather than women at high risk may have resulted in lower participant engagement with the conjoint exercises. However, a number of prior studies in this area have examined women's preferences for chemoprevention among average-risk women [5, 15, 17, 45] . Because we conducted this study among women not currently eligible for chemoprevention, participants were asked to rate hypothetical scenarios; our ability to infer future behavior from responses to such scenarios is unclear [52] . Finally, as is a limitation to all conjoint analysis studies, some attributes or levels may have been omitted that could be related to a woman's decision to take chemoprevention [32] .
Despite these limitations, our study provides important patient-centered information about women's tradeoff preferences for a highly effective yet largely underused pharmacologic agent. To our knowledge, this is the first study of women's preferences related to chemoprevention that has used a conjoint-style approach in a population of women at average risk of breast cancer. Importantly, the data from this study allowed us to generate a choice-based conjoint analysis study that is now being fielded with women at high risk for breast cancer who indicated low willingness to take chemoprevention.
Conclusions
Even in the best-case scenario, we found that women showed very low interest in taking chemoprevention to prevent breast cancer. Findings from our study suggest women's preferences for or against chemoprevention are substantially driven by the time they would need to take the pill for it to be most effective. In discussing chemoprevention with patients, clinicians may find it useful to assess patients' concerns about the time burden of taking chemoprevention, in addition to addressing worries related to side effects. Further exploration of women's tradeoff preferences for chemoprevention may assist clinicians in improving uptake of the drugs among women who are likely to benefit.
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